Here we present the spectropolarimetric observations of a sample of 30 Type 1 AGNs and an analysis of the observed polarization in these AGNs. The observations have been performed with the 6-meter telescope of SAO RAS using the modified SCORPIO-2 spectropolarimeter. We measured the Stokes parameters for the continuum and the broad Hα line and obtained the values of polarization degree and the angle of polarization. We found that equatorial scattering is dominant polarization mechanism in the sample, that allows us to use the observed polarization in the broad lines for determination of the central black hole (BH) masses and characteristics (the inclination and emissivity) of the Broad Line Region (BLR). We demonstrated that the recently proposed method of for BH mass measurement gives accurate BH masses which are in a good correlation with the stellar velocity dispersion, and consequently the masses determined by the polarization method can be used with calibration purposes. Additionally we found that the BLR in the sample of 30 AGN has an averaged inclination of 35
INTRODUCTION
The unified model of active galactic nuclei (AGN) established after detection of a polarized broad Hα line component in the spectrum of the Seyfert 2 (Sy2) galaxy NGC 1068 (Antonucci & Miller 1985) . This indicates that the nature of Seyfert 1 (Sy 1) and Seyfert 2 galaxies is probably the same, but the emission from Sy 2 galaxies is blocked by the torus (Antonucci 1993) . The polarization in the continuum of Sy 2 is due to polar scattering, but the broad emission component observed in some Sy 2 galaxies is coming from the equatorial scattering, where emitted light from the Broad Line Region (BLR) is scattered on the inner part of the torus. Moreover, many of Sy 2 galaxies show the polarized broad lines in their spectra (see ⋆ E-mail: vafan@sao.ru e.g. Miller & Goodrich 1990; Tran et al. 1992; Young et al. 1996; Heisler et al. 1997; Moran et al. 2000; Tran 2001; Kishimoto et al. 2002a,b; Tran 2003; Lumsden et al. 2004; Ramos Almeida et al. 2016, etc.) .
This discovery establishes the spectropolarimetry as a powerful tool for investigations of the AGN nature, especially in the case of the Type 1 AGNs with prominent broad emission lines (BELs) emitted by a BLR that is supposed to be very close to the central black hole (BH) . The BLR has a geometry which is probably driven by the central BH, and this reflects the broad line shapes and parameters that can be used for estimation of the central BH mass (see e.g. Peterson 2014 , for a review). However, there are several problems in using the broad spectral lines for BH mass determination, one of them is that the BLR is very small in size (from several 10s to several 100s light days), with an angular dimension < 10 −5 arcsec for nearest AGNs (Bentz & Katz 2015) that cannot be resolved with the most powerful telescopes. Consequently, the BLR properties are far from being well characterized, and some of these properties have a strong impact on black hole mass determination. For example, the BLR inclination and geometry (see Collin et al. 2006 ) may strongly affect the broad-line profiles, especially Full Width at Half Maximum (FWHM) used in the reverberation method. The reverberation method depends on the FWHM, and virial factor f -that strongly depends on the BLR inclination (see Peterson 2014) . The uncertainties of the f and FWHM values can cause large uncertainties in mass determination by the reverberation method. Therefore, it is very important to investigate the BLR nature, and spectroscopy in combination with the measured polarization the BELs that can give us some additional information about it (Gaskell & Goosmann 2013 ). The BLR is supposed to have flattened shape, and the BLR emitting gas is probably following a Keplerian-like motion. It is assumed that the BLR has a clumpy structure, i.e. that it is composed from a number of clouds which radiate isotropically, consequently one cannot expect polarization due to the radiative transfer in the BLR. However, the polarization in the BELs can be due to the scattering of BEL light in the inner part of the torus, i.e. the so-called equatorial scattering (Smith et al. 2004 (Smith et al. , 2005 Afanasiev et al. 2014a .
This mechanism of polarization can provide more information about the BLR geometry, and, as it has been shown recently by the polarization in BELs can be used for the mass measurement of the central BH in AGNs. The mass determination by polarization method does not depend on the BLR inclination (see , and small velocity outflows/inflows do not affect significantly the estimated BH masses (see Savić et al. 2018 , for more detailed discussion). Moreover, opposite to with the reverberation method, where the BLR virialization is assumed a priori, in the spectropolarimetric method the Keplerian motion can be checked by using the relationship between the polarization angle and velocities across the broad line profile . All these stated above is in a favor for using spectropolarimetric method to measure BH masses in the Type 1 AGNs.
Moreover, as we will demonstrate in the paper later, the polarization in the broad emission lines can be used for the BLR inclination estimates.
The line profile reflects the characteristics of the velocity field in BLR, and consequently polarization across the broad line profiles can be used for investigation of the BLR structure (Martel 1998; Smith et al. 2002 Smith et al. , 2004 Smith et al. , 2005 Goosmann & Gaskell 2007; Afanasiev et al. 2014a . We observe a sample of Type 1 AGNs in order to investigate the BLR nature (inclination and emissivity) and measure the BH masses.
In this paper we present new observations of a sample of 30 Type 1 AGNs with 6-m BTA telescope, which some of them have been observed in Spectropolarimetric monitoring campaign of AGN (Afanasiev et al. , 2014a . The aim of this paper is to discuss the spectropolarimetric characteristics of Type 1 AGNs in the continuum and BELs. Special attention is paid to the new way of usingpolarization in the broad lines to find some characteristics of BLRs, as e.g. inclination and emissivity. The paper is organized as following: in §2 we describe observations and data reduction, in §3 the results are given and analyzed in §4. Finally, in §5 we present a short discussion and outline our conclusions.
OBSERVATIONS AND DATA REDUCTION
The observations have been performed with 6-m telescope of SAO RAS. We used the modified SCORPIO-2 spectrograph (Afanasiev & Moiseev 2011; Afanasiev et al. 2014b) in the spectropolarimetry mode . The log of observations is presented in Table 1 , where the name of objects, the redshift, the date of observations, the exposure and the seeing are give. A double Wollaston prism -WOLL2 (Oliva 1997 ) is used as a polarization analyzer. In this analyzer the rays that enter into two Wollastons which have crystal axis at 45 • , and emerge at 4 different angles with relative intensities depending on the polarization angle and degree of the input light. The four images correspond therefore to measurements performed with polarizers at 0, 90, 45 and 135 degrees. The obtained couple images of an object are distributed along the slit using achromatic wedges. In each exposition the four spectra have been recorded simultaneously in different polarization planes. Thus, we can measure three Stokes parameters I, Q and U, from only one observation, unlike a single Wollaston analyzer usage, demanding to obtain four exposures in different angles of polarization plane. In this mode, the slit length is 1 arcmin. The width of the slit, depending the seeing, was between 1.5 and 2 arcsec. The spectral resolution is caused by the width of the slit and used spectral grating. Typical spectral resolution was 8-11Å. We used two gratings -VPHG940 (spectral coverage 4000-7500ÅÅ) and VPHG1026 (spectral coverage 5800-9500ÅÅ)
1 . Unlike conventional diffraction gratings in the case of VPHG, the difference between polarization in directions parallel and perpendicular to the direction of dispersion is small (about 5%). This makes VPHG very suitable for spectrophotometric observations.
For the WOLL2 analyzer three Stokes parameters have been found using following relations:
where KQ and KU are the instrumental parameters related to the transmission of the polarization channels. Each channel has been corrected for spectral sensitivity of the device, which is determined from observations of the polarization standards. The I0(λ), I90(λ)), I45(λ) and I135(λ) are the intensity in the four polarization angles. The degree of linear polarization P (λ) and polarization angle ϕ(λ) have been obtained using following relations:
where ϕ0 is the zero point of polarization angle, which also has been determined by the observations the polarization standards.
Observations for each object have been performed in a series of exposures (more than 5), with the integration aperture of 2×10 arcsec. Before or after the object exposure, polarization standards and zero-polarization stars have been observed (the standards are taken from Turnshek et al. 1990; Hsu & Breger 1982) . The typical object exposures are 180-240 seconds that depends on the object brightness. This type of observations allowed us to have a robust statistical estimation of the observed values (see Afanasieva 2016 , for a detailed discussion). The method of observations and data reduction was described in more details by Afanasiev & Amirkhanyan (2012) . In the case when the galactic latitude was smaller than 25 degrees, we took into account the interstellar polarization as an average polarization of several stars around the observed object, as it was described by Afanasiev et al. (2014a) . The accuracy of our observation is limited by the variation of the depolarization in the Earth atmosphere.
In Fig. 1 we give our measurements of the polarization degree and polarization angle (P obs and P A obs ) for the standard polarization of stars, and compare our measurements with those given in the literature (P tab and P A tab taken from Schmidt et al. 1992) . The error of the measurements of polarization is (P tab − P obs ) ∼ 0.2%, and the polarization angle around (P A tab − P A obs ) ∼ 3 degrees.
The observed spectra have been corrected to the system sensitivity function and extinction. The flux calibration (given in erg s −1 cm −2 A −1 ) is performed by using the spectrophotometic standards (in this case we used the spectra of G191b2b, BD+28d4655 and BD+33d2642 stars). The continuum at 5100Å and measurements of the polarization parameters from our spectra are given in Table 2 .
The typical spectra are shown in Fig. 2 , where we present (from top to bottom) the unpolarized and polarized spectra, the degree of polarization and the polarization angle for quasar PG0844+349. The wavelengths are rescaled to the rest-frame. The vertical lines denote the position of the Hβ and Hα lines and the spectral region of the unpolarized continuum measurement at 5100Å and polarized one at 5500Å. Table 2 . The data for the continuum polarization. From the left to the right are given: object name, flux at 5100Å measured from our observations, unbiased degree of polarization in two wavebands V (5500Å) and R(6500Å), index n of the wavelength dependent slope, polarization angles for V (5500Å) and R(6500Å) wavebands, P ( 
Object
Flux(5100) (5100) is given in 10 −15 erg cm −2 s −1Å−1 , P (V ) and P (R) in percents, ϕ(V ) and ϕ(R) in degrees References : 1 - Smith et al. (2002 ), 2 -Berriman et al. (1990 ), 3 -Goodrich and Miller (1994 ), 4 -Martin et al. (1983 ), 5 -Schmidt and Miller (1985 ), 6 -Kay et al. (1999 ), 7 -Corbett et al. (1998 ) , 8 -Wills at al. (1992a ), 9 -Wills at al. (1992b 
RESULTS
We analyzed our observations in order to give the polarization parameters in the continuum and broad lines. As it can be seen in Fig. 2 we can detect the Hβ and Hα broad lines in polarized light, however Hβ is generally weaker and S/N ratio in the polarized light is smaller than in Hα. Therefore, we will use the polarized Hα line to measure parameters in broad lines. Our measurements are given in Tables 2 and 3 and Figs. 4 -9. We separately discuss the obtained polarization parameters in the continuum and lines.
Polarization in the continuum
The estimation of the polarization in the continuum is presented in Table 2 , where we give the object name (1st column), the observed fluxes at 5100Å in the aperture 2×10 arcsec in units of 10 −15 erg cm −2 s −1Å−1 (2nd column). The spectra of nucleus were obtained by subtracting the host galaxy spectrum from the observed one using the technique described by Afanasiev et al. (2014b) . Properties of the continuum polarization for each object were defined as follows. Assuming that V (5500Å) waveband covers the wavelength interval of λλ = 5300−5700Å, and R(6500Å) interval λλ = 6300 − 6700Å (in the rest frame). In Table 2 we offer the averaged values of polarization degree (column 3rd and 4 th) in these intervals (P(V) and P(R)) in percents. In cases where the measured polarization degree was on the level of its error, the P(V) and P(R) values are biased. In Table 2 we give unbiased values of the degree of polarization, which were calculated as (see Simmons and Stewart 1985) :
where P is the measured polarization and σP is the corresponding error. We also find the index n (that has been defined by ) which indicates the dependence of polarization as P ∼ λ n . Index n, which represents the inclination of polarized continuum, was calculated using the measured polarization in V (5500Å) and R(6500Å) wavebands as:
log(5500/6500) .
The index n in the first approximation describes the depolarization of the radiation as a function of wavelengths and can be used for the exploring of the polarization mechanisms. For example, if the observed polarization is caused by Thompson scattering due to radiation transfer then it does not depend from wavelength,while if there is a wavelength dependence of polarization in the continuum, one has to suppose other mechanisms to explain it. The index n and polarization angles for V-and R-bands are given in Table  2 -columns 5th, 6th and 7th respectively. Several of AGNs from our sample, polarization degrees and angles have been observed earlier in the optical V-band. We show these data in Table 2 (columns 8th and 9th, for polarization degree and angle, respectively) and in the 10th column we quote the corresponding reference. In Fig. 3 we compare our measurements and those given in literature. As one can see in Fig. 3 , there are no systematic differences between our and data taken from literature. The scatter between our data and data from literature is probably due to measurement errors and possible variability of objects.
Polarization in the broad lines
As we mentioned above, we expect that a dominant polarization mechanism in the BLR light is the equatorial scattering (see Smith et al. 2005; . In the case of the equatorial scattering, and Keplerian-like motion of broad line emitting gas, the polarization angle has specific shape (see Afanasiev et al. 2014a; . The horizontal S-like shape of polarization angle in Hβ and Hα can be detected in all observed objects. The spectral and polarization parameters around Hα for each object were measured (see Figs. 4-9) .
In Figs.4-9 we show the top to bottom: the Hα line profile, the parameters Q and U across the line profile, the degree of polarization (P ) and polarization angle (∆ϕ) across the line profile
The averaged parameters of < Q >, < U >, < P > and < ϕ > measured in the continuum around the Hα line (R-band) are given on the corresponding plot.
Estimates of BH masses
It was shown in Afanasiev et al. (2014a) and that in the case of the Keplerian-like motion (and equatorial scattering of the BLR light) the velocities across the broad line and tan ϕ are connected as (see Fig. 10 ):
where c is the speed of light, and constant a depends on the BH mass (MBH ) as
where G is the gravitational constant, Rsc is the distance of the scattering region from the central black hole and θ is the angle between the BLR disk and the scattering region. In the case of equatorial scattering, we can assume the θ ∼ 0 (i.e. cos 2 θ ∼ 1, see Savić et al. 2018 ) and therefore, the BH mass is independent from the inclination. b is 0.5 for the case of the Keplerian motion.
The equations above are obtained using the approach of a simple geometric model (see , but it is shown in Savić et al. (2018) that this approximation gives good results. In the paper Savić et al. (2018) validity of the method was explored using numerical simulations by applying the modified STOKES code (Marin et al. 2012) showing that the observed rotation of the polarization plane depending on the velocity in the broad emission lines for the Keplerian motion in the BLR. The motion is well described by Eq. (5) and obtained masses are weakly dependent on the geometry of the torus and the inclination of the BLR.
For each AGN from the sample in the corresponding bottom panel in Figs. 4-9 we give a trend between V /c and ∆ϕ (in the logarithmic scale) which indicates that in all AGNs from a sample the equatorial scattering occurs and that Keplerian-like emission gas can be observed. The arrow on this panels indicate the maximum angle of the polarization plane rotation across the Hα line profile. The estimated masses are given in the bottom panel and also in Table 3 .
As it can be seen in bottom panels Figs. 4-9, relative change the polarization angle ∆ϕ, mostly follow expected shape in the case of Keplerian motion in the BLR. However, in some of the AGNs from the sample ∆ϕ as a function of velocity has no clear S-shape (see e.g. of NGC4593, Mrk 231, Mrk 509. etc.), then we estimate the shape, as it is shown in Fig. 10 , reproducing the shape assuming the Keplerian motion (assuming b = 0.5 in Eq. (5), see . Fig. 10 demonstrates an example of the analysis of the observed change in the polarization plane angle in the broad Hα line for PG0844+349. The observed deviations from the expected dependence log(v/c)vs log(tan ϕ) are probably related to the presence of a non-circular motion in the BLR disc, as it was found in the galaxy Mkn6 (Afanasiev et al. 2014a) .
Additionally, we carefully consider some objects where the changes across the Hα broad line are not prominent due to other influences, e.g. in the case of 3C390.3 where a strong depolarization was found (see Afanasiev et al. 2015, compare Fig. 1 from the paper with panel in Fig. 9) .
In bottom panels of Figs. 4-9 the plots of Eq. (5) with coefficient a and log(M/M⊙) (written on the plots) are given. The full circles are taken from the red and open ones from the blue broad Hα side.
The inner scattering radius
The inner dusty torus radius (Rsc) can be estimated by the reverberation, i.e. by finding the time lag between optical and infrared emission of an AGN (see e.g. Koshida at al. 2014) . Comparing the measurements with the luminosity, it was found that Rsc ∝ L −0.5 and that the Rsc seems to be about twice as large as the corresponding BLR radius (Kishimoto et al. 2011) .
The relationship between Rsc and luminosity is expected for a case where the dust temperature and the inner radius of the dusty torus are determined by radiation equilibrium and sublimation of dust, respectively. This dependence has been confirmed by a quantitatively estimated inner radius of the dust torus by taking into account the wavelength dependent efficiency of dust grain absorption (Barvainis, 1987) , where luminosity at λ = 1216Å was used.
In Fig. 11 we show this relationship, which has been calculated using the empirical dependence of the inner radius of the torus on UV luminosity. The correlation of the inner radius of the Rsc torus with UV luminosity is physically justified and confirmed by measurements in the near IR emission. However, it should be noted that the dependence of Rsc -UV flux in literature is confirmed by the extrapolation of the Spectral Energy Distribution (SED) at 1216Å and also indirectly calculated from the V-color fluxes. To find the luminosity-radius relationship, we used homogeneous GALEX data (FUV fluxes) measured at λ 1516Å. 
Polarization of Type 1 AGNs 13
The AB-magnitudes (mAB) for AGNs from our sample were taken from NASA/IPAC Extragalactic Database (NED) 2 , and then have been converted to the flux using the well-known relationship log FUV = −0.4 · mAB + 7.33. The absorption is taken into account as A(FUV ) = 7.9·E(B −V ) (see Gil de Paz et al. 2007) , where E(B − V ) is the reddening. For 2/3 of the objects from our sample we could find in literature the UV-fluxes observed with Hubble Space Telescope in λ1450Å and λ1350Å. For a typical energy distribution of Sy1, the systematic difference between the fluxes at λ1350Å and λ1516Å is about 0.06 (in the logarithmic scale). The standard deviation between our data measured at λ1516Å and taken from the literature at λ1350Å and λ1450Å (Vestergaard 2002; Kaspi et al. 2005 ) is in the interval of 0.2-0.25.
As it can be seen in Fig. 11 there is a good correlation between the Rsc and luminosity at λ = 1516Å (Rsc ∝ L −m ), where the power index m is 0.421±0.026. Using this calibration relation, we determined the Rsc for those objects for which we could not find the Rsc in literature and give these values for all objects in Table 3 .
ANALYSIS AND DISCUSSION OF THE RESULTS

Polarization in the continuum
Firstly we should note here that there is a wavelength dependent polarization in the continuum. This cannot be due to the Thompson scattering in the disc, since it is not wavelength dependent. The change of the polarization as a function of wavelengths can be caused by three effects: (i) The first mechanism is depolarization by Faraday rotation of the plane of polarization on the length of the electron free path in the magnetic accretion disc (Faraday rotation depolarization, see e.g. Agol & Blaes 1996; Gnedin & Silantev 1997; Agol et al. 1998 ). This mechanism gives polarization which depends on wavelengths, the degree of polarization in this case is less than predicted by the radiation transfer mechanism in the accretion disk (Chandrasekhar 1950) ; (ii) The second mechanism is the scattering on the torus dust, where, as it is well known, the degree of polarization is maximum at λmax = 0.6 mkm (see Serkowski et al. 1975 ). For λ < λmax, the polarization is increasing with the wavelength, and for λ > λmax it is decreasing. The theoretical models show that the continuum polarization due to torus dust scattering is dependent from the wavelengths (Marin et al. 2012) , and that for λ < 0.8 mkm it is increasing; (iii) The third effect is described in ?, where the observed wavelength dependence of the polarization in some AGNs can be explained by dust scattering in the optically thin cone. It is found (from modelling) that the multiple scattering in the cones is important for the optical depth larger than ∼ 0.1. It is difficult to separate effects giving the dependence of polarization on the wavelength in continuum, but if we assume that magnetic field in the accretion disc is connected with the mass of central black hole (magnetic coupling model, see e.g. Ma et al. 2007 ), then we can expect that the index of the continuum slope is a function of the 2 https://ned.ipac.caltech.edu/ central BH mass, as it has been shown in . We give an empirical relation between the index n and log MBH .
Using the data given in Tables 2 (for measured n) and 3 (for measured BH masses) we explored this relation (see Fig.  12 ). As it can be seen in Fig. 12 , only one object (3C445) shows a strong deviation from the expected linear best fit (solid line). The correlation coefficient for all points is 0.79. If we remove the outlier (point representing 3C445) the correlation coefficient increases up to 0.88 for the BH mass range from 10 7 M ⊙ to 10 9 M ⊙. The statistical significance of this correlation is < 10 −3 . The slope of the obtained dependence is 1.6 ± 0.3, which is, within the error-bars, in an agreement with the result obtained earlier by . Taking that the Faraday rotation depolarization can give n ∼ log MBH relationship, one can conclude that it has an important role in the continuum depolarization in Type 1 AGNs.
The obtained results show that probably the polarization in the continuum is mainly produced by the accretion disc while the n vs log M relation points to the magnetic field in accretion disc those dependent on the black hole mass (Agol & Blaes 1996; Agol et al. 1998) , that is expected in the so called magnetic coupling model (Ma et al. 2007 ). However, one can suppose that a small amount of the polarized light in the continuum is caused by the scattering in the torus or cones, but it is hard to separate these two mechanisms without detail modeling of polarization in the continuum. The polarization of the most of Type 1 AGNs from our sample is between 0.5% -1% (see Table 2 ) that is expected for broad line AGNs, however there are four objects showing polarization higher than 2% -IRAS 13349, Mkn 231, 3C 445 and Mkn 704. 
Measurements of BH mass from Hα polarization
We used the method given in to measure BH masses. The method does not depend of the inclination of the BLR in the case equatorial scattering, and detailed discussion of the method is given in Savić et al. (2018) , where the equatorial polarization in the broad lines has been modelled with STOKES code. It seems that the method gives reasonable accurate estimates of BH masses, even if in the BLR some kind of outflows and inflows are present in addition to Keplerian motion, (see in more details in Savić et al. 2018 ). Also, it was shown in that measured BH masses from polarization are in a good agreement with ones obtained by reverberation.
Our measurements of BH masses are presented in Table 3. As it was shown in Tremaine et al (2002) there is a relation between the BH masses and host galaxy bulge stellar velocity dispersion (σ * ) that follows MBH ∼ σ 4 * . This is caused by well known connection between the brightness of the bulge and stellar velocity dispersion (Faber & Jackson 1976) . We explore this relationship using our BH mass measurements and stellar velocity dispersion given in Onken et al. (2004) .
As it can be seen in Fig. 13 , the relation between our measurements of BH masses from polarization and stellar velocity dispersions follow expected one. The correlation between BH mass and σ is very high (r=0.98).
Our estimates of the BH masses and the relation between MBH and σ are in a good agreement with those given by Tremaine et al (2002) and in the future the BH mass measured from polarization in the broad lines can be used for calibration purposes of other methods for BH mass estimation.
We compared the measurements of BH mass given in Table 3 with our previous results by . It turned out that the latest data have smaller errors Koshida at al. (2014 ), 3 -Kishimoto et al. (2011 ), 4 -GALEX , 5 -Vestergaard (2002 ), 6 -Kaspi t al. (2005 than the previous ones, due to our new of the method of simultaneous measurement of Stokes parameters.
The BLR inclinations
In the case of the reverberation BH mass measurements (also using the relations for single-epoch mass measurements) it is very important to have information about the disc inclination (see Collin et al. 2006 ). In the polarization method, the BH mass estimates do not depend on the BLR inclination. Consequently, comparing masses obtained by reverberation and those obtained by polarization method, one can measure the BLR inclinations. Using the reverberation method, BH masses can be obtained from following relation (see Peterson 2014) :
where RBLR is the photometric size of the BLR obtained by the reverberation, and σV is the corresponding orbital velocity which can be estimated from the broad lines. The virial factor f depends on the inclination and geometry of the BLR, and for Keplerian motion f = 1. However, from the comparison of reverberation and stellar velocity dispersion BH mass estimates it is obtained that f > 1. As we noted above, the role of additional gas motion to the Keplerian one can affect the coefficient f . Since we measure the BH mass from polarization, and the Keplerian motion is dominant (can be explored by a relationship between velocities and tan ϕ), in our sample the f the most affected by BLR inclination. The measured velocities (from the width of lines) depend on inclination as σV = σV obs / sin i, therefore we have that f = 1/ sin 2 i. V P in Eq. (6) is the so-called virial product V P = RBLRσ 2 V G and can be used for the BLR inclination measurements. If we estimate the RBLR from reverberation, and we measure the dispersion velocity assuming the Gaussian profiles, we are able to obtain the BLR inclination as
where MBH is the mass measured by polarization from the Hα broad line (taken from Table 3 ).
In literature we can find the relationships between the RBLR and luminosity in the continuum (see e.g. Kaspi et al. with ones that have been estimated using the gravitational redshift method to find the inclination of ∼ 19
• for the Mrk 110 BLR. Also there are several estimations of the BLR inclinations obtained by fitting of the broad double peaked lines with an accretion disc model, where inclinations seem to be between ∼ 20
• and ∼ 40
• (see e.g. Eracleous & Halpern 1994; Eracleous et al. 1996; Popović et al. 2004; Bon et al. 2009; Storchi-Bergmann et al. 2017, etc.) , that fits the results we obtained from our method very well.
Maximal dimensions of the disc-like BLR
Taking into account that the main polarization mechanism in broad lines is the equatorial scattering, the maximal radius of the disc-like BLR (Rmax) is connected with the inner part of the scattering region as (see Fig. 1 in )
where ϕmax is the maximum angle of the polarization line across a broad line.
Our estimates of Rmax are given in the last column of Table 4 , and the ϕmax is marked with arrows for each object in Figs. 4-9. Using data for Rsc and RBLR given in Tables  3 and 4 , we obtained that the averaged ratio Rsc/RBLR ∼ 1.72±0.48 that is in a good agreement with numerical model given in Savić et al. (2018) , where this ratio is considered to be in a range of 1.5-2.5.
One can assume that Rmax ∼ RBLR, i.e. that Rmax coincides with the photometric BLR radius. In this case there should be a good correlation between the sizes of the BLR given in Table 4 and the Rmax calculated by the equation above. In Fig. 15 we show the relation between these two radii, being in is a very good correlation (r=0.84), the photometric BLR size depends on the maximum BLR radius as RBLR = (0.31 ± 0.17)Rmax.
To explain this relation, let us consider the connection between photometric size of the BLR and its real size taking photoionization as the mechanism for the broad line emission. Admitting that the reverberation gives the photometic size of the BLR, one can write: where Rmin and Rmax are the inner and outer radii of the BLR, respectively. τ is the time lag obtained from reverberation and c is the light speed, and I(r) is the disc emissivity. If we accept that the emissivity of the disc is I(r) ∼ r α for α = −1, assuming that Rmax >> Rmin then we have the relation between the photometric and maximum BLR radius:
that in the case of the flat-brightness disc (α = 0) gives RBLR = 0.5Rmax, but if we take more realible values α = −3/4 (Shakura and Sunyaev 1973) the connection is RBLR = 0.2Rmax. We obtain the relation that is between these two values, and corresponds to α ≈ −0.57, that is flatter than one expected for the classical disc emission coefficient α = −0.75.
CONCLUSIONS
Here we presented results of the spectropolarimetric observations of 30 Type 1 AGNs. The measured polarization properties have been used for exploring polarization mechanisms in the continuum and determination of the BH masses and the parameters of the BLR (inclination and emissivity) using polarization in the broad Hα line. According to of our analysis of polarization observations of the sample of 30 broad line AGNs, we can outline following conclusions:
(i) The continuum polarization in the sample of 30 Type 1 AGNs is on the level of 1%, that is expected for this class of AGNs (see e.g. Berriman at al. 1990 ). The continuum polarization for all AGNs from the sample is wavelength dependent, indicating some effect of depolarization by the magnetic field or other effects. Additionally, the degree of polarization is smaller than one expected due to Thompson scattering in an accretion disc. Also the index of the polarized continuum slope is in a relatively good correlation with the black hole masses. This indicates that probably Faraday rotation has a significant role in the depolarization of the continuum light emitted from a magnetized disc.
(ii) The polarization in the Hα broad line shows that the equatorial scattering is a dominant mechanism of polarization in the broad lines in Type 1 AGNs. The polarization angle across the broad line profile indicates dominant Keplerian-like motion in the BLR. Using the method given in we estimated the masses of central BHs, and found that they follow expected M − σ relation. Also we confirmed that BH masses obtained from po-larization can be used as calibration masses for other methods.
(iii) Using BH masses obtained by polarization method and corresponding 'virial products' we estimated the BLR inclinations in our sample. We found that the most of them have the BLR inclination between 20 and 40 degrees with an average BLR inclination of ∼ 35 degrees.
(iv) The coefficient of BLR emissivity seems to be smaller than one expected in the Shakura-Sunyaev accretion disc (α ∼ −0.75) and the BLR tends to have a flatter emissivity (α ∼ −0.57) than the accretion disc, this should be taken into account in modelling the AGN broad line profiles.
